Background: Asthma has increased in various regions of the world. The factors associated with the growth in prevalence are still to be determined. Objective: To evaluate the degree of association of the prevalence of asthma with passive smoking and obesity in school-children in western Mexico. Methods: A population-based cross-section analytic study. A stratified random sample of 740 primary school pupils of between 6 and 12 years of age was chosen. Asthma, passive smoking and a background of allergic diseases were identified by means of a standardized questionnaire filled out by the parents of the participants. Obesity was identified by means of the body mass index. Proportional sections of population were estimated and the degree of association between asthma (dependent variable) and the independent variables was evaluated by means of multivariate logistic regression.
INTRODUCTION
Different studies carried out around the world have registered an increase in the frequency of allergic diseases [1] [2] [3] and when the corresponding social and economic impact is measured in terms of the loss of school days, working days and likewise in the quality of life, this is considerable [4, 5] .
Considering the clinical characteristics of asthma, of suffering exacerbations and putting the life of the sufferer at risk, the researchers have centred their attention on evaluating its epidemiological behavior by means of the employment of different tools. By this means, not only is the prevalence determined, but also those factors associated with its development.
One of the factors most evaluated is atopy; however, nonallergic factors such as passive smoking [6] , viral respiratory infections [7] , the type and the duration of feeding at the moment of birth [8] , among others, can be involved with the presentation of asthma. One area that has been repeatedly studied, but with inconsistent results, has been the passive or active exposure to cigarette smoke in the development of allergic diseases. The explanations emitted regarding the matter reveal the differences in the design of the studies. Recently, an association has been observed between the prevalence of asthma and its symptoms with the passive exposure to cigarette smoke; but not in the case of active smoking [9] . Actually, it has been observed that avoiding this exposure does not prevent allergic sensitization [10] .
The nutritional disorders characterized by overweight, both in children and in adults, have shown a substantial increase, to the point of taking on epidemiological dimensions. In our environment, the frequency of obesity has been seen to be modified with an upward tendency in the last decade, above all in the rural regions, discovering a rise of up to a third in the combined prevalence of overweight and obesity in children; the major increase was observed in obesity and in the male sex [11] . Recently, the parallel rise in the prevalence of asthma and of obesity, have called attention towards analysing the existence of an association [12] . On the one hand, evidence exists that the adipose tissue is a producer of inflammatory factors such as leptin, which has been directly associated with the prevalence of asthma [13] ; and on the other hand, it has also been observed that the loss of weight in subjects with obesity and asthma is associated with a lessening in the severity of the symptomatology [14] .
In view of the available evidence, we have designed this study for the purpose of quantifying the prevalence of asthma and its symptoms in Mexican children aged from 6 to 12 years, by means of a standardized questionnaire; in addition to investigating its possible association with a family background of allergic diseases, the passive exposure to tobacco smoke and with obesity. This study forms part of an epidemiological research project on allergic diseases in the south of the state of Jalisco, Mexico.
MATERIALS AND METHODS

Study design and population
A cross-sectional study was designed in a city located in the south of the Mexican state of Jalisco. Ciudad Guzman has approximately 100 thousand inhabitants and a school population at primary level of 11,654 pupils.
Criteria selection and sampling
A sample of boys and girls aged from 6 to 12 years registered in primary education schools was included. The methodology for the inclusion of this sample has already been described in a previous work [15] . In synthesis, a probability sampling was carried out in three stages: In the first stage, schools were selected from each school zone (a group of around ten colleges formed for administrative purposes). In the second stage, at least one group from each school grade of the schools selected was included. In the third stage, after numerous random computer-generated samplings, a representative sample of children was selected taking care that all the school grades were included. The size of the sample of each school grade was in the same proportion in which the quantity of children from said grade contributed towards the total of the school. For example, if a college had 1,000 children registered, and the first grade was to contribute with 150, i.e. 15%; it was insured that the size of the sample of children from first grade would also contribute with 15% of the total size of the sample calculated.
Questionnaires and measurements
Prior to the collection of the information, a pilot test was carried out with 20 parents and their respective randomly-picked children (this data did not form a part of the final analysis). From April to July 2008, the school centers were visited in order to interview the parents and take the anthropometric measurements of the children. For this purpose, a structured questionnaire was used applied by a trained interviewer who applied it directly to the apallergy.org parents in a face-to-face interview, reading the questions in sequential form in order to avoid errors in the interpretation. The questionnaire permitted us to identify the presence of asthma, of allergic diseases and passive smoking, whilst the physical examination allowed us to identify the presence of obesity or overweight.
Definitions
Asthma: For the detection of asthma and its symptoms, we took into consideration the instrument developed by the group the International Study of Asthma and Allergies in Childhood (ISAAC), in its Spanish-validated version [16] . The question, "Has your child ever had asthma?" was used to assess the association between asthma, obesity and passive smoking.
Family background of allergic diseases: This was obtained through the history of asthma, allergic rhinitis or atopic dermatitis in the mother, the father or in some member of the family.
Obesity and overweight: The weight and height were obtained under standardized conditions, by two nutrition experts using equipment calibrated (SECA, Germany); the body mass index (BMI) was defined as the weight (in kilograms) divided by the square of the height (in meters). For this calculation, the specific growth tables were considered for sex and age provided on line by the Center for Disease Control and Prevention (CDC) [17] . When the BMI was between the percentiles of 85 to 95, this was considered as overweight and when this was >95, as obesity; an excess of weight consisted of the presence of overweight and obesity.
Smoking was considered as passive when one or more cigarettes were consumed by one or by both parents in the presence of the children.
Ethics
This study counted on the informed consent on behalf of the parents of the children included, and likewise, the approval of the Commission for Investigation and Ethics of Sanitary Region No. VI of the Ministry of Health for Jalisco and the compliance of the local school authorities.
Statistical analysis
In order to identify the frequency of asthma and its symptoms, its prevalence was calculated, estimating the 95% confidence interval (CI) for ratios. The chi square test was used (or Fisher's exact test when necessary) for comparing ratios. For comparing mean values of independent groups, the Student's t-test was used and to evaluate the adjusted risks, a logistic regression analysis was carried out. The affirmative answer to the question: "Has your child ever had asthma?" (dependent variable) was taken into consideration to evaluate the possible association between asthma with the background of allergic diseases in the family, obesity and passive smoking (independent variables). A value of p ≤ 0.05 was considered statistically significant. The SPSS program for Windows, version 18.0 (SPSS, USA), was used for processing the information.
RESULTS
Seven hundred and forty children (6.5%) were included from the global study, the average age being 9.4 ± 1.8 years; there were 293 (53.1%) from the female sex. The frequency of asthma in the father and the mother was 4.7% and 1.1% respectively; 15.2% of the mothers and 6.6 % of the fathers had some allergic disease, whilst 30.7% had at least one relation with some type of allergic diseases. Table 1 shows that the symptoms of asthma were more frequent in the boys than in the girls; whilst the prevalence of asthma was more common in the girls than in the boys, but in neither of the cases were there statistically significant differences.
The nutritional alterations detected in the participants were: obesity 19.9%, overweight 15.5% and undernourishment 3.5%.
In the univariate analysis (Table 2) , the presence of allergic relatives or maternal asthma was significantly associated with asthma in children.
When we evaluated the association between the nutritional state and the asthma, this did not exist with the obesity or with the overweight. However, when combining the two categories, we found that the subjects with excess weight had a tendency towards significance (p = 0.06).
There was no significant association to be found with asthma in either passive smoking or obesity.
Finally, by means of the logistic regression multivariate analysis, it was observed that the nutritional state was not associated with the asthma (Table 3) and that the background of allergic diseases in the mother remained significantly associated with the diagnosis of asthma in the school children (Table 4) ; however, in a subanalysis by sex, this association was maintained in the boys, odds ratio (OR) of 3.5 (95% CI 1.4 to 8.59, p = 0.006), but not in the girls (p = 0.518).
In our study, it was also observed that the excess in weight was associated with a greater frequency of wheezing during exercise (p = 0.04) and that the obesity was the same with the presence of nocturnal cough during the year prior to the study (p = 0.001). On comparing the frequency of wheezing in the previous year, among children with and without obesity (10.2% vs. 5.8%) we did not find a significant difference (p = 0.063).
DISCUSSION
This study has found that 8 out of every 100 school-age children from a city in western Mexico have a diagnosis of asthma, the associated factors of which are the background of allergic diseases in the mothers and in some other member of the family. No association with positive smoking or with obesity was found.
In the context of Mexico, the prevalence of asthma found in Ciudad Guzman was higher than that observed in other regions of the country [18, 19] ; with the exception of that reported by BarrazaVillarreal and colleagues in Cuernavaca [2] . On the international front, the results corresponding to phase III of the ISAAC were recently published, which included 388,811 children aged from 6 to 7 years, distributed in 144 centers in 61 different countries; the global prevalence of asthma was 9.4%, observing geographic variations that were between 3.4 and 29.2%; the frequencies of Africa, India and Eastern Europe were the lowest, contrasting with the figures of North American and Oceania which were the highest [20] . Having employed the same research tool as the ISAAC group and by means of the random sampling carried out, we believe that our results can be compared with the above-mentioned centers, situating Ciudad Guzman at an intermediate point. There have been attempts to explain these variations in the prevalence of asthma, and likewise, of the allergic diseases, due to the diversity of environmental factors to which genetically predisposed subjects expose themselves deliberately or inadvertently. Two important factors that have shown contradictory results are obesity and smoking.
The data from the 2006 Health and Nutrition Survey in Mexico revealed an increase in the prevalence of obesity with respect to the national survey previously carried out in 1999, where in the case of the boys, this rose from 5.3 to 9.4% (77%) and in the girls, from 5.9 to 8.7% (47%) [11] . In Ciudad Guzman, as there were no previous specific results available to evaluate this phenomenon, we considered those obtained in the state of Jalisco, where the excess of weight (overweight and obesity) continued to relate with the national figures; however this was not so with obesity (exclusively) where the men maintained higher percentages than the women, 17.5% and 3.2% respectively [21] ; thus revealing that the children in this study have serious problems both of obesity and of overweight. These results led us to consider that in the case of an association existing between obesity and asthma, the latter must have suffered an equally substantial increase. However, two important epidemiological studies carried out in Mexico have evaluated the tendency of asthma in different periods of time. The first of these [22] was carried out with a population using the presence of asthma (yes/no). Independent variables: maternal allergic diseases, weight excess (yes/ no), age (variable continuous), gender (female/male), breastfeeding (yes/no) and cesarean delivery (yes/no). Those variables that were not statistically significant were used to adjust (omitted variables in the model adjusted). † Model adjusted by the variables: weight, age, gender, breastfeeding and cesarean delivery. Odds ratio (OR) obtained through logistic regression. NS, non-significant; CI, confidence interval. medical services of the most important public medical institution, the Mexican Institute of Social Security, where the annual necessities of medical attention were retrospectively evaluated in asthmatic subjects during a period of 11 years. The second of these was carried out with a school-age children population [2] , during a period of 7 years, employing the methodology recommended by the ISAAC group, and considering the presence of wheezing in the 12 months prior to the study. The conclusion in both studies was that no substantial increases had been observed in the frequency of asthma; hence, on the one hand it is evident that at least in the last 15 years, Mexico has not experienced an "outbreak" of asthma and on the other hand, we can argue that possibly there is no existing association between obesity and asthma, since only the first of the two has suffered important changes during the last decade and there have been no important modifications in the prevalence of asthma.
The association between asthma and obesity could not be established in our study; this is consistent with the data obtained in New Zealand [23] , Canada [24] and Brazil [25] ; controversially, Jacobson [26] and Garcia-Marcos [27] have found that obesity increased the risk of asthma and that this is more notorious in girls. One possible explanation for this discrepancy arises from the methods employed for evaluating the weight and height of the participants. Some authors take into consideration the quantities reported by the participants or their relations; on the other hand, the cut-off point used for considering obesity has not always been the same. This observation was revealed in Mexico [28] , where on employing the criteria of the CDC and of the International Obesity Task Force (IOTF) the figures for overweight and obesity varied notably. Later studies employing both of the evaluation criteria could help to make it clear if this factor is relevant in evaluating the association of obesity in the prevalence of asthma. Finally, the subjects with obesity have a greater possibility of being diagnosed with asthma; evidence of this is seen from the results obtained by Sin et al. [29] , where the greater the BMI, the greater the possibility of presenting dyspnoea, self-reporting asthma and using bronchodilators, but inversely, less air-flow obstruction, documented by the respiratory function tests.
Noticeably, we found an association between the background of maternal allergy and asthma, but only in the case of the boys, OR of 3.5. Recently, in Liaoning, China [30] it was found in a crosssectional study that the atopy in both parents increased the risk of being diagnosed with asthma, OR of 3.12 (95% CI 2.61-3.73), this risk being more pronounced when the mother was the one who had the background of asthma, OR of 5.42 (95% CI 3.60-8.16); however, in the background of allergic diseases no association was observed, OR of 1.06 (95% CI 0.76-1.46). Similar results were found in Northern Sweden [31] , where the background of asthma in the father, the mother and a brother or sister were associated with the development of asthma, OR of 13.2 (95% CI 4.1-41.9); whilst with respect to the atopy in the parents, this was only significant when present in the father, but not in the mother. Finally, Jacobson [26] found an association between the background of asthma in the mother and the development of asthma in the girls, OR of 3.6 (95% CI 1.4-9.5). In view of the evidence, it is clear that the family backgrounds of allergic diseases are preponderant in the development of asthma, but that the inheritance patterns are not completely explained.
The influence of the exposure to tobacco smoke on the development of asthma has been investigated at different stages of life and by means of diverse study models. It has been observed that the children who are exposed in utero have a greater risk of presenting wheezing at some time during their lives and in the previous year [32] ; in the same way, they also have a greater necessity of medical attention for asthma in the emergency services [33] . When considering the passive exposure to and the prevalence of, asthma, the results have been contradictory, discovering studies with a direct association [9, 33] , and others in which, inclusively, a protective effect has been reported [34] . Finally, active smoking appears not to be associated with either asthma or with its symptoms [9] . Our results did not permit the establishment of an association between the passive exposure to tobacco smoke and the prevalence of asthma, probably as a consequence of only having investigated current smoking in one of the parents, putting aside the in utero exposure, the number of additional persons who smoke in the children's home and the intensity of the parents' smoking.
The limitations in this study were that the children were categorized with asthma based on a questionnaire, without succeeding in confirming the diagnosis according to the casehistory or to the respiratory function tests; an additional limitation was not being able to establish with precision the date of the diagnosis of asthma, and likewise, the commencement of the nutritional disorders characterized by the excess of weight. However, we consider that our results are reliable, since instead of sending the questionnaires to the participating subjects' homes to avoid errors in the filling-out of forms, the children's parents were invited to attend the school centers; it was there that the reason for the meeting was explained to them and then the questionnaire was applied by way of a collective interview. Likewise, instead of employing the report of the children's weight and height supplied by the parents, two nutrition experts measured these according to international standards, thus permitting a reliable calculation of the BMI, and avoiding inexact reports.
In conclusion, to date, there continues to exist a scarcity of information in our environment with respect to one of the most important health problems in the world, asthma. To our knowledge, this is the first study developed in Jalisco, where the results were obtained by means of a previously-validated tool; and which also evaluated the relation between obesity and passive exposure to cigarette smoke with asthma, without finding evidence of any association. Prospective studies are necessary with larger cohorts in order to allow a better evaluation of the problems.
